
h;..' ' 1  : 
Measurements performed under t h e  c o n t r a c t ,  combined 

with Nakayama's f i n d i n g s  on s i n g l e  neurons i n  t h e  hypothalamus2 

of t h e  cat and Hensel 's  f i nd ings  on cold-receptors of t h e  

human s k i n  permit a t e n t a t i v e  comparison between 
h_ I - _  1 ./-- -==?==?c-----. 

, _- 

(a) The i n t e n s i t y  of t o t a l  thermal s t imu la t ion  
.* _-- - . 1 

(b) The f i r i n g  rates of t h e  sensory neurons involved, 
-_ 

and 

(c) The resu l t ing  i n t e n s i t y  of t h e  thermoregulatory 

responses  as shown and explained i n  t h e  f igu re - t ab le ,  en- 

c l o s u r e  (1). 

(2) LECTUSE: 

An i n v i t e d  l e c t u r e ,  "The Thermal Homeostasis of 

Man'' w a s  de l ive red  on September 10, 1863 at  Cambridge, 

England, i n  t h e  "Symposium on H o m e o s t a s i s  and Feedback 

Mechanisms" of t h e  Socie ty  for Experimental Biology by 

T. H. Benzinger. 
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(3) INTEiZNATIONAL USES OF 'G3AGIENT LAYEB CALO%IBIETRY: 

A t  t h e  Syrnposjun i n  Cmbrtdge and a t  t h e  I n t e r n a t i o n a l  

Meeting on Eio-Meteorology in P P ? ~  (P:i-en.n&s, France) t h e  

p o t e n t i a l  of t h e  metha4 c9 "g;.rsc:%cn-i: l ~ y e r - c a l o r i m e t r y v ~  (Bio- 

Energetics Labora to r im)  in tfis l i f e  sciences was widely d i s -  

cussed. A p r o j e c t  of a gradien t  lapor  calorimeter large enough 

for  catt le a t  t h e  Hamah Dairy I n s t i t u t e ,  Ayr, Scotland,  has  

been funded with 15,000 P o u d  S t e r l i n g .  Other p r o j e c t s  are 

underway i n  Aus t r a l i a ,  i n  Canada and a t  Liverpool,  England. 

11. MOLECULAtl ENE-SCETICS 

(1) CHAIRMANSHIP: 

T. H. Benzinger acted as chairman of Sess ion  V, 

"Biochemical Thermodynamics" at t h e  "Symposium on Thermodynamics 

and Thermochemistry" i n  Lund, Sweden, J u l y  18-23, 1563, held i n  

connection with t h e  meetings of t h e  " In te rna t iona l  Union of Pure 

and Applied Chemistrqt'in England. 

( 2 )  CBEMOSYNTHESIS: (PRINCIPAL INVESTIGATOR: LUTZ KIESOI) 

During t h e  p re sen t  report-period t h e  reversal of t h e  

energy t ransforming s t e p  i n  n i t robac te r  chemosynthesis has been 

observed : 

(1) CPN.H2 + NO; DPN + NO; + H20 



. The reaction proceeds in cell-free extracts as well 

as in the intact organism. It does not require molecular 

oxygen. It is thermodynamically feasible without an energy- 

donating, coupled reaction. The identification in nitrobacter, 

of reaction (1) -0 a reversal of the chemosynthetic process 

of energy capture -- has removed a serious obstacle to 

further attempts at clarifying the mechanisms of "biosynthesis 

without light." It was decisively important for the following 

reasons: 

(a) aeaction (1) , a reversal of nitrite-oxidation, 
interfered with, and obscured the observation of the main re- 

action under study, in which the inorganic energy is harnessed 

in a biochemical compound, namely the process of the following 

'Inet" formulation: 

(2) DPN + NO; + DPN.II2 + NO: 

Reaction (2) proceeds only in the presence of 

molecular oxygen and is not thermodynamically feasible as 

written in net formulation. 

(b) Beaction (1) which - is thermodynamically feasible 

without another, driving, reaction, will permit to measure 

directly, thermodynamic quantities and additional energy- 

requirements, of net reaction (2) ,  the energy-transforming 

step in nitrobacter-chemosynthesis (the "chemolysis" of water 

with formation of DPN.H2). 
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(c) With t h e  recogni t ion  and e l imina t ion  of re- 

a c t i o n  (1) i n  n i t r o b a c t e r  it has been established beyond 

doubt by stoichiometric proof, t ha t  reduced pyridine-  

nuc leo t ide  is t h e  product of t h e  energy-transforming step 

i n  t h e  process of primeval biosyntbesis .  U n t i l  then  (see 

progress reports dated Apri l  30 and J u l y  31, 1963) t h i s  

fact  had been concluded i n d i r e c t l y ,  from t h e  i d e n t i c a l  

k i n e t i c s  of n i t r i t e - o x i d a t i o n  and py r id ine  nucleotide-reduction 

i n  our  experiments. 

(d) The special b i o l o g i c a l  importance of t h e  presence 

of an enzyme, ca t a lyz ing  r e a c t i o n  (1) in n i t r o b a c t e r  is ap- 

parent: 

When circumstances such as scarcity of carbon 

dioxide prevent  a s s imi l a t ion  and growth, t h e  prec ious  sources  

of energy i n  s o i l - n i t r i t e  a r e  n o t  wasted i n  continued oxid- 

a t ion .  They may i n s t e a d  be rep len ished  by enzymic production 

of NO2 from perishable organic  sources ,  for later u t i l i z a t i o n  

under f avorab le  condi t ions.  

- 

I n  summary, a c e n t r a l  and now w e l l  established f i n d i n g  

made under t h i s  project is the energy-transforming s tep,  i n  

which water is "chemolyzecls" -- (not  dissociated) - and 

DPN.H2, energy-donor of t he  l i f e  process, is formed. It may 

be noted, that  for *?photo"-synthesis t h i s  s ta te  of t h e  a r t  

has  not y e t  been a t t a ined .  
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From t h e  f i n d i n g s  described above t h e  thermodynamics 

of "b iosynthes is  without l i g h t "  may n o w  be developed us ing  

ins t rumenta t ion  and experiences not a v a i l a b l e  at  any other 

laboratory, n a t i o n a l l y  mr i n t e r n a t  iona l ly .  Th i s  i l l u s t r a t e s  

the importance of continued and permanent c o l l a b o r a t i o n  i n  

one laboratory between t h e  two i n v e s t i g a t o r s  represeatixg 

t w o  d i f f e r e n t  f i e l d s ,  Bio-Energetics and Biochemistry.  The 

c o l l a b o r a t i o n  is e s s e n t i a l  for a l l  aspects of Contract  #R-38 

and specifically, for t h e  two projects, "Chemosynthesis" anc2 

"Metabolic and Immunologic Characteristics of C e l l s . "  

Twenty-five copies of t he  p u b l i c a t i o n  by Lutz K i e s o w  

e n t i t l e d ,  "The Energy-Transforming Step i n  Nitrobacter- 

Chemosynthesis" 

April-May-June 1563) w i l l  be m a i l e d  under separate cover. 

(see q u a r t e r l y  report covering period 
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